Simple model is proposed to describe galvanic corrosion process. Computer program COR was designed and written in visual basic language to simulate the galvanic corrosion reaction that proposed in the model. Input data metals parameters (aluminum, copper,iron, and zinc) and the environment parameters (pHand temperature) was used in the program designed COR and the results (The electrochemical parameters, corrosion rates, activation energies, and thermodynamic parameters)were calculated and discussed.Simulation computational results are compared with theoretical and experimental data, to ensure that the results of this model are corresponding to the results published in the literature. Both of which show the same characteristics of data distribution. The corrosion rates of iron were higher, followed by copper, zinc and finally aluminum.
Introduction
Computer simulation for corrosion process, which is developed based on original experimentalmethods, is an accurate and fast method to evaluate corrosion damage. The results of computersimulation can be used to predict and evaluate corrosion behavior and long term damage degree ofmaterial. The research on computer simulation is composed of two processes, mathematicalmodeling and simulation computation. Mathematical modeling is the basis and core of simulation.
J.Saunier and A. Chauss [1] used a cellular automata model to simulate computation in diffusionprocess of corrosion products and growing process of film. A. Jivkon and N. Stevens [2] built a finiteelement model based on the influence functions of loads in corrosion reaction, stress intensity factorand strain value were calculated. J. R. Ankar and N. R. Iyer [3] abstracted the oval geometric features of pitting mathematical model was settled based on the probabilistic growingfeatures of pitting in aluminum.A. Turnbull [4] set up a model based on the determined equationof distribution statistics according to input parameters.
There is no model that is widely accepted and meets the requirements insimulation results. In this work, theoretical simplified analysis of galvanic corrosion was presented, computer program CORwere designed and applied to calculatethe electrochemical and thermodynamic parameters, and the effects of temperature and pH on the corrosion reactions have been demonstrated.
Mathematical Model
Corrosion reaction of material includes electron transfer, mass transfer and diffusion of ion andmany other complicate physicalchemical processes. Due to the randomness of material structureand chemical reaction process, it is not possible to set up a determined mathematical model todescribe the whole process of corrosion. Therefore, computer simulation research for the corrosionprocess has to start from the simple corrosion process such as the galvanic corrosion.
Mathematical model has been developed based on the ordinarily galvanic corrosion model. When the reactants reach the metal surface, various electrochemical reactions take place between the metal surface and the environment. Where, M is molecular weight and is mass density.
The dependence of activation energy Ea on temperature can be expressed by the following Arrhenius and transition state equations [10] 
Program Design
To perform the calculations of this analysis the input data must be presented. These data includes metals parameters (aluminum, copper, iron and zinc) [11] [12] and the environment parameters (temperature and pH) studied in this model. All these data was used in the program designed COR and the results (The electrochemical parameters corrosion rates, activation energies, and the thermodynamic parameters) were obtained. The flowchart that can be explain the COR program shown in Fig. (1) . 
Result and Discussion
The corrosion behavior of metals when exposed to various environments is an important factor in metals selection that determines the service life of the material. Aluminum, copper, iron, and zinc metals are adopted in this model because a remarkable economic, attractive for engineering applications, and consider as most important metals used widely in different industries.
1.Electrochemical parameters and corrosion rate Calculations
The electrochemical parameters including the cathodic corrosion current densities icorr and corrosion potentials Ecorr for aluminum, copper, iron, and zinc metals at different pH and temperature are listed in Table (1, 2, 3 and 4) respectively. The corrosion rates of aluminum, copper, iron, and zinc metals as a function of temperature and pH have shown in Fig.(2, 3, 4 , and 5) respectively. 1.E-15
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a. Effect of temperature
Temperature has a great effect on the corrosion phenomenon.
Generally the corrosion rate increases with the rise of the temperature. These data show that increasing the temperature causes an increase in the galvanic corrosion current, and the corrosion potential decreases slightly with increasing the temperature. The corrosion rates of aluminum, copper, iron, and zinc was high affected by changing temperature from (283ºK -353ºK) especially iron. The corrosion rates of the metals were observed with a change in temperature.
b. Effect of pH
The metals corrosion rates were strongly affected by the change in pH. The corrosion rates of iron, copper, and zinc decrease with increasing pH, due to decrease corrosion current but corrosion potential increase.
Activation energy and thermodynamic parameters Calculations
The thermodynamic parameters including the activation energy Ea, enthalpy of activation ΔH and entropy of activation ΔS for aluminum, copper, iron, and zinc metals at different pH and temperature are listed in Table (5, 6 1.E-09
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a. Effect of temperature
The activation energy and thermodynamic parameters decreases with temperature was increased. An increase in temperature, increases the number of atoms with energy more than or equal to the activation energy. This causes an increase in the rate of reaction.
b. Effect of pH
The activation energy and the enthalpy increased with pH was increased, but the entropy decreases. Results showed that the values of Ea and ΔH of iron are low. This indicates that the corrosion reaction for iron need lower energy to occur compared to another metals, therefore the corrosion rate of iron is high, but for aluminum the values of Ea and ΔH are high therefore the corrosion rate of aluminum is very low.
Program Performance
To test the performance of any simulation design, it is necessary to comparethe computer simulation results with the other theoretical and experimental results to ensure that the results in this search.The comparison is achieved In spite of these simulation model are not identical but the simulation data are correspond to the results published in the literature [13] [14] [15] [16] [17] .
Conclusions
The analytical model based on simplified approach towards computation of corrosion current, corrosion potential, corrosion rate, activation energy, enthalpy, and entropy at different pH and temperature from galvanic corrosion system developed in this work being in close agreement with the test results predicts and simulates the corrosion. The importance of a model is more reliable than pure intuition; mathematically a model simplifies the analysis. This is the main reason for the experimental data increases slowly comparing with simulating data. The corrosion rates of iron so high as compared with aluminum, copper and zinc due to low activation energy and enthalpy therefore the corrosion reaction taken place easily.
